INTRODUCTION
============

Iron deficiency anemia (IDA) occurs in 2% to 5% of adult men and postmenopausal women in the developed world \[[@b1-kjim-2016-421],[@b2-kjim-2016-421]\], and it is a common cause of referral to gastroenterologists \[[@b3-kjim-2016-421]\]. While the most common cause of IDA in premenopausal women is menstrual blood loss, the most common cause in adult men and postmenopausal women is blood loss from the gastrointestinal (GI) tract \[[@b4-kjim-2016-421]-[@b7-kjim-2016-421]\]. IDA has been considered a red flag for the possible presence of serious GI disease, because a substantial proportion of asymptomatic gastric cancer, colorectal cancer (CRC), and precancerous lesions may present with IDA \[[@b8-kjim-2016-421]-[@b10-kjim-2016-421]\]. Therefore, it is essential to investigate the origin of IDA through examination of both the upper and lower GI tract.

Accordingly, the current guidelines for the management of IDA recommend, based on the results of randomized controlled trials or cohort studies, that upper and lower GI tract examinations should be considered in all male and all postmenopausal female patients in whom IDA has been confirmed, unless there is a history of significant overt non-GI blood loss \[[@b7-kjim-2016-421]\]. The current guidelines recommend that young men with IDA should be investigated in the same manner as older men with IDA, although there are no data on the yield of investigation in young men with IDA \[[@b7-kjim-2016-421]\]. However, the incidence of significant GI pathology such as gastric cancer and CRC in younger individuals is much lower than that in older individuals \[[@b11-kjim-2016-421],[@b12-kjim-2016-421]\]. It appears to be reasonable to recommend GI investigations in all postmenopausal female patients with IDA because the average age of menopause is around 50 years, whereas the current guidelines that recommend GI investigation of IDA for all men regardless of age may be unreasonable. The yield of upper and lower GI investigations in young men with IDA may be lower than that in older men with IDA. However, evidence for the necessity of endoscopy in young men with IDA is significantly lacking, which led us to question whether it is reasonable to recommend esophagogastroduodenoscopy (EGD) and colonoscopy for all young men with IDA.

Therefore, the aim of the present study was to evaluate whether young men with IDA indeed have a greater number of significant upper or lower GI lesions compared to those without IDA, and to determine whether young men with IDA should undergo both EGD and colonoscopy. To obtain more reliable answers to our questions, we investigated asymptomatic young men aged \< 50 years who underwent both EGD and colonoscopy.

METHODS
=======

Study population
----------------

We retrospectively analyzed data obtained from a prospectively established cohort. The present study population consisted of asymptomatic male participants aged \< 50 years who had undergone both EGD and colonoscopy as part of a comprehensive health screening program at Kangbuk Samsung Hospital, Seoul and Suwon, Korea, from 2010 to 2014 (n = 86,153). The purpose of the screening program was to promote health through a regular health checkup and to enhance early detection of existing diseases. In Korea, the Industrial Safety and Health Law requires employees to participate in annual or biennial health examinations. About 80% of participants were employees of various companies and local governmental organizations and their spouses, with the remaining participants registering individually for the program. Before the performance of endoscopy, interviews by general practitioners were conducted to ensure that all participants were asymptomatic (i.e., no abdominal pain, melena, or hematochezia). Individuals with overt GI symptoms were urged to seek medical care.

For this analysis, the exclusion criteria were as follows: a history of CRC or colorectal surgery (n = 171), a history of stomach cancer or gastric surgery (n = 189), diagnosis of renal failure (estimated creatinine clearance rate \< 30 using the Cockcroft-Gault formula) during this study (n = 6), poor bowel preparation (n = 7,651), lack of an adequate biopsy (n = 141), and missing data on IDA (n = 131). Ultimately, the total number of eligible subjects for the study was 77,864. Among these, 128 (0.16%) had IDA. In order to control the potential factors associated with the risk of colorectal neoplasia (CRN), four controls for each case patients who were matched for age, smoking status, family history of CRC, and use of nonsteroidal anti-inflammatory drugs (NSAIDs) were selected from the subjects without IDA (n = 512) ([Fig. 1](#f1-kjim-2016-421){ref-type="fig"}).

This study was approved by the Institutional Review Board of Kangbuk Samsung Hospital (IRB file number: 2016-04-038, approved on 2016-04-25). The requirement for informed consent was waived because only de-identified data were retrospectively accessed.

Measurements and definitions
----------------------------

Data on medical history and health-related behaviors were collected through a standardized, self-administered questionnaire, whereas physical measurements such as height and weight were assessed by a trained staff member. Participants' smoking status was categorized into never, formerly, or currently. Family history of CRC or gastric cancer was defined as CRC or gastric cancer in one or more first-degree relatives at any age. Self-reported use of NSAIDs or antiplatelet or anticoagulant medications (regular use over the previous month) was also assessed.

Hypertension was defined as systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, or current use of antihypertensive medication. Diabetes mellitus was defined as a fasting blood glucose ≥ 126 mg/dL, hemoglobin A1c ≥ 6.5%, or current use of insulin or antidiabetic mediations. Obesity was defined as body mass index (BMI) ≥ 25 kg/m^2^, which is the proposed cut-off for the diagnosis of obesity in Asians \[[@b13-kjim-2016-421]\]. BMI was calculated by dividing the measured weight (kg) by the square of the height (m^2^).

Anemia was defined as hemoglobin less than 13 g/dL, and IDA was defined as anemia accompanied by at least one of the following criteria characterizing iron deficiency: (1) serum ferritin \< 15 ng/mL; and (2) transferrin saturation (serum iron/total iron binding capacity) \< 16% \[[@b2-kjim-2016-421],[@b14-kjim-2016-421]\].

Endoscopy and histologic examination
------------------------------------

All EGD and colonoscopies were performed by experienced board-certified endoscopists, using a GIF-H260 esophagoduodenoscope and EVIS Lucera CV-260 colonoscope (Olympus Medical Systems, Tokyo, Japan), respectively. All participants took 4 L of polyethylene glycol solution for bowel preparation. EGD was performed first, immediately followed by colonoscopy in all cases.

The following lesions were considered as upper GI causes of IDA on EGD: erosion, ulcers, adenoma, cancer, polyps, and angiodysplasia. On colonoscopy, the following lesions were considered as lower GI sources of IDA: adenoma, CRC, and inflammatory bowel disease (IBD).

All endoscopically abnormal lesions were biopsied or removed. All specimens obtained from biopsy, polypectomy, or endoscopic mucosal resections were evaluated by experienced GI pathologists via histopathological examination.

In the case of gastric ulcer, to differentiate benign or malignant gastric ulcers, both endoscopic and histopathologic examinations were assessed. Only benign gastric ulcer was defined as gastric ulcer, while malignant gastric ulcer was defined as gastric cancer.

Advanced adenoma was defined as the presence of one of the following features: \> 10 mm diameter, tubulovillous or villous structure, and high-grade dysplasia (HGD) \[[@b15-kjim-2016-421]\]. High-risk adenoma was defined as advanced adenoma or 3 or more adenomas \[[@b15-kjim-2016-421]\]. CRN was defined as a cancer or any adenoma, and advanced colorectal neoplasia (ACRN) was defined as a cancer or advanced adenoma \[[@b16-kjim-2016-421]\]. Significant lower GI findings were regarded as ACRN and IBD.

Statistical analysis
--------------------

Data are expressed as mean ± standard deviation or frequency (%). Baseline characteristics and GI lesions were compared between subjects with versus without IDA by chi-squared analysis or Fisher exact test for categorical variables and by Student *t* test for continuous variables. All reported *p* values are two-tailed, and *p* values \< 0.05 were considered statistically significant. SPSS version 18.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analyses.

RESULTS
=======

Baseline characteristics of the study population
------------------------------------------------

Of 77,864 participants, 128 (0.16%) had IDA. The baseline characteristics of 128 subjects with IDA were compared with 512 subjects without IDA who were matched for age, smoking status, family history of CRC, and use of NSAIDs ([Table 1](#t1-kjim-2016-421){ref-type="table"}). The mean age of the study participants was 39.4 years, and the proportions of subjects aged 20 to 29 years, 30 to 39 years, and 40 to 49 years were 3.1%, 46.1%, and 50.8%, respectively. There were no significant differences in other baseline characteristics including family history of gastric cancer, use of antiplatelet or anticoagulant medications, obesity, fatty liver, hypertension, and diabetes mellitus between subjects with IDA and those without IDA.

Upper GI lesions and IDA
------------------------

Upper GI lesions observed on EGD according to the presence of IDA are presented in [Table 2](#t2-kjim-2016-421){ref-type="table"}. Subjects with IDA had a significantly higher proportion of gastric ulcer compared to those without IDA (4.7% vs. 1.0%, *p* = 0.011). However, the prevalence of other upper GI lesions including gastric cancer, gastric adenoma, gastric polyp, gastric erosion, duodenal adenoma, duodenal polyp, duodenal ulcer, duodenal erosion, esophageal ulcer, and angiodysplasia was not significantly different between subjects with IDA and those without IDA. The proportion of total upper GI lesions was also not different between subjects with IDA and those without IDA (29.7% vs. 23.6%, *p* = 0.156).

Lower GI lesions and IDA
------------------------

Colonoscopic and histologic findings according to the presence of IDA are presented in [Table 3](#t3-kjim-2016-421){ref-type="table"}. The prevalence of adenoma with villous component (0.8% vs. 0%, *p* = 0.045), cancer (0.8% vs. 0%, *p* = 0.045), and IBD (2.3% vs. 0.4%, *p* = 0.025) was significantly higher in subjects with IDA compared to those without IDA. In IBD, the proportion of Crohn's disease (1.6% vs. 0.0%, *p* = 0.005) was significantly higher in subjects with IDA compared to those without IDA, whereas the proportion of ulcerative colitis (0.8% vs. 0.4%, *p* = 0.489) did not significantly differ between subjects with IDA and those without IDA. The prevalence of ACRN tended to be higher in subjects with IDA than in those without IDA although the difference did not reach statistical significance (3.1% vs. 1.0%, *p* = 0.084). However, the prevalence of adenoma with HGD, adenoma with \> 10 mm diameter, 3 or more adenomas, and non-advanced adenoma did not significantly differ between subjects with IDA and those without IDA. The proportion of total lower GI lesions was not different between subjects with IDA and those without IDA (14.1% vs. 13.5%, *p* = 0.863), whereas the proportion of significant lower GI lesions including ACRN and IBD was higher in subjects with IDA than in those without IDA (5.5% vs. 1.4%, *p* = 0.011).

DISCUSSION
==========

This study including asymptomatic screened men aged \< 50 years evaluated whether young men with IDA have a greater number of significant upper and lower GI lesions compared to those without IDA. To the best of our knowledge, this is first study to focus on comparison of the prevalence of GI lesions between subjects with and without IDA among a population of young men and to evaluate the necessity of endoscopy in young men. We found that young men with IDA had a significantly higher proportion of CRC, villous adenoma, and IBD than did those without IDA. Additionally, the prevalence of significant lower GI lesions including ACRN and IBD was higher in subjects with IDA than in those without IDA. However, a positive association between IDA and upper GI lesions was observed only in the case of gastric ulcer. Our findings suggest that EGD, and especially colonoscopy, may be helpful to identify clinically significant sources of IDA even in asymptomatic young men aged \< 50 years.

IDA is one of the common medical conditions encountered in clinical practice and accounts for approximately one half of cases of anemia \[[@b17-kjim-2016-421],[@b18-kjim-2016-421]\]. IDA is not a disease in itself, but may be a manifestation of a serious underlying disease such as malignancy, and searching for causes of IDA is therefore crucial. The etiologies of IDA differ with age and gender, and chronic occult GI bleeding is the most common cause of IDA in adult men and postmenopausal women. Many studies have reported an association between IDA and GI malignancy. One prospective study including 100 subjects with IDA showed that significant GI lesions including cancer were frequently found in patients with IDA (62%) \[[@b19-kjim-2016-421]\]. Another prospective study in which GI investigations were performed in 695 patients with IDA showed that GI cancer was diagnosed with significant frequency (11.2%, 78/695) in patients with IDA \[[@b20-kjim-2016-421]\]. Additionally, a population-based study including 9,024 subjects showed that among men and postmenopausal women, GI malignancies are significantly more common in those with IDA than in those without IDA, and subjects with IDA are at increased risk of diagnosis of GI cancer within the subsequent 2 years \[[@b21-kjim-2016-421]\]. Based on these previous studies, the possible existence of a malignancy as the source of IDA is of great concern and accordingly, current guidelines recommend that upper and lower GI investigation should be considered in all postmenopausal females and all male patients with IDA, unless there is evidence of significant overt non-GI blood loss \[[@b7-kjim-2016-421]\]. However, in previous studies, the majority of study participants were over 50 years of age.

There have been no evidence-based recommendations focusing on young men (\< 50 years) with IDA due to the paucity of reliable clinical data in this population. Current guidelines recommend that young men with IDA should be investigated in the same manner as older men with IDA, although there are few data to support this approach (recommendation with Level of Evidence C) \[[@b7-kjim-2016-421],[@b22-kjim-2016-421]\]. To date, only a few studies have evaluated the prevalence of GI lesions among young men (\< 50 years) with IDA. One Israeli study including 347 young men (18 to 40 years) with IDA demonstrated that significant GI lesions were diagnosed in a large portion of the study population (62%, 217/347) \[[@b23-kjim-2016-421]\]. However, the study emphasized GI symptoms as a predictor of significant GI lesions, and suggested that GI evaluation should be performed in symptomatic young men \[[@b23-kjim-2016-421]\]. In other words, the study did not provide an obvious answer to the question of the preferred investigation strategy in asymptomatic young men with IDA. A British study reported that significant GI findings were frequent in young men (\< 50 years) with IDA (20.6%, 6/29) and suggested that endoscopy is an appropriate strategy of investigation for men \< 50 years of age with IDA \[[@b24-kjim-2016-421]\]. However, these two studies did not compare the prevalence of GI lesions between subjects with versus without IDA and reported only the proportion of GI lesions in young men with IDA. Moreover, the sample sizes of the studies were quite small. Therefore, it is difficult to draw definitive conclusions from these two studies regarding whether endoscopy should be recommended in asymptomatic young men with IDA.

One of the strengths of our study is that the sample size is not small. Of 77,864 participants, 128 with IDA were observed and these patients were compared with 512 subjects without IDA who were matched for several variables including age. Therefore, we think that our study provides more reliable information on the yield of GI investigations among young men with IDA than previous studies. Furthermore, this is first study to demonstrate that significant lower GI lesions including CRC, villous adenoma, and IBD were more common in subjects with IDA compared to those without IDA, even in young men without symptoms. In addition, gastric ulcer, which requires treatment, was more frequent in asymptomatic young men with IDA compared to those without IDA.

As the incidence of GI malignancies such as gastric cancer and CRC increases progressively with age, the likelihood of developing GI malignancy is relatively much lower in young men \< 50 years than in men \> 50 years \[[@b11-kjim-2016-421],[@b12-kjim-2016-421]\]. Therefore, physicians may agonize over whether both EGD and colonoscopy should necessarily be performed in the case of young men with IDA. However, the present study showed that only 0.16% of men \< 50 years of age had IDA. Because only a very small proportion of men \< 50 years of age had IDA, it may be reasonable and cost-effective to recommend EGD and colonoscopy for all young men with IDA. Based on our findings that young men with IDA had higher rates of CRC and villous adenoma than did young men without IDA, while the prevalence of gastric cancer did not differ between the two groups, colonoscopy rather than EGD may be a more important examination for young men with IDA.

In the present study, the prevalence of villous adenoma was significantly higher in patients with IDA compared to those without IDA. In addition, the prevalence of advanced adenoma, i.e., adenoma with \> 10 mm diameter was slightly higher in patients with IDA than in those without IDA (2.3% vs. 1.0%) although it was statistically insignificant. However, the prevalence of non-advanced adenoma was not higher in patients with IDA compared to those without IDA (9.4% vs. 12.1%). Although it is difficult to draw definitive conclusion from our results, advanced adenoma may affect the expression of IDA in asymptomatic patients. Adenoma with more advanced histology and/or larger size may be expected to have increased vascularity and thus is more likely to result in bleeding. Advanced adenoma may cause a slow, insidious chronic blood loss, so patients may not be aware of the lower GI bleeding symptoms such as hematochezia.

Another finding in the present study is that the prevalence of IBD, especially Crohn's disease was significantly higher in subjects with IDA compared to those without IDA. However, the proportion of ulcerative colitis did not differ between subjects with IDA and those without IDA. It seems to reflect the fact that IDA can be the important early manifestation of Crohn's disease \[[@b25-kjim-2016-421],[@b26-kjim-2016-421]\].

There are several limitations in the present study. First, the study was hospital-based rather than population-based, and our cohort was recruited at two medical centers in Korea. These factors may result in some degree of selection bias. Readers should thus take care not to generalize on the basis of our results alone. Second, we did not evaluate non-bleeding-associated diseases such as atrophic gastritis and *Helicobacter pylori* gastritis that could present as IDA through malabsorption of iron \[[@b27-kjim-2016-421],[@b28-kjim-2016-421]\]. Finally, we did not perform small bowel evaluation including routine duodenal biopsy for screening for celiac disease, even though current guidelines recommend that all patients with IDA should be screened for celiac disease \[[@b7-kjim-2016-421]\]. However, in contrast to Western populations, celiac disease is extremely rare in Asian populations \[[@b29-kjim-2016-421]\]. Moreover, the reported yield of small bowel investigation in obscure GI bleeding is quite low \[[@b30-kjim-2016-421]\]. Therefore, the incidence of small bowel lesions as a source of IDA might be negligible.

In conclusion, young men with IDA had a significantly higher proportion of CRC, villous adenoma, IBD, and gastric ulcer compared to those without IDA. Our results suggest that EGD and especially colonoscopy should be recommended for the detection of significant GI lesions even in asymptomatic young men with IDA.

KEY MESSAGE
===========

1\. Young men with iron deficiency anemia (IDA) had a significantly higher proportion of colorectal cancer, villous adenoma, and inflammatory bowel disease (IBD) than did those without IDA.

2\. The prevalence of significant lower gastrointestinal (GI) lesions including advanced colorectal neoplasia and IBD was higher in subjects with IDA than in those without IDA.

3\. A positive association between IDA and upper GI lesions was observed only in the case of gastric ulcer.

4\. Esophagogastroduodenoscopy and particularly colonoscopy should be recommended even in asymptomatic young men with IDA.
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![Flow diagram illustrating the selection of study subjects. IDA, iron deficiency anemia.](kjim-2016-421f1){#f1-kjim-2016-421}

###### 

Baseline characteristics of the study population according to presence of iron deficiency anemia

  Variable                               IDA (n = 128)   No IDA (n = 512)   *p* value
  -------------------------------------- --------------- ------------------ -----------
  Age, yr                                39.4 ± 5.9      39.4 ±5.9          1.000
   20--29                                4 (3.1)         16 (3.1)           1.000
   30--39                                59 (46.1)       235 (46.1)         
   40--49                                65 (50.8)       260 (50.8)         
  Current or ex-smoker                   77/126 (61.1)   308/504 (61.1)     1.000
  Family history of CRC                  5 (3.9)         20 (3.9)           1.000
  Family history of gastric cancer       14 (10.9)       29 (5.7)           0.053
  Use of NSAIDs                          3 (2.3)         12 (2.3)           1.000
  Use of antiplatelet or anticoagulant   4 (3.1)         17 (3.3)           1.000
  Body mass index, kg/m^2^               24.7 ± 3.2      24.6 ± 2.9         0.775
  Obesity, ≥ 25 kg/m^2^                  57 (44.9)       210 (41.0)         0.482
  Fatty liver                            50 (39.1)       218 (42.6)         0.471
  Hypertension                           24 (18.8)       71 (13.9)          0.165
  Diabetes mellitus                      4 (3.1)         24 (4.7)           0.440

Values are presented as mean ± SD or number (%). Matching variables in case-control were age, smoking status, family history of CRC, and use of NSAIDs.

IDA, iron deficiency anemia; CRC, colorectal cancer; NSAID, nonsteroidal anti-inflammatory drug.

###### 

Upper gastrointestinal lesions according to presence of iron deficiency anemia

  Variable                                IDA (n = 128)   No IDA (n = 512)   *p* value
  --------------------------------------- --------------- ------------------ -----------
  Gastric cancer                          0               1 (0.2)            1.000
  Gastric adenoma                         0               0                  NA
  Gastric polyp                           3 (2.3)         10 (2.0)           0.730
  Gastric ulcer                           6 (4.7)         5 (1.0)            0.011
  Gastric erosion                         31 (24.2)       103 (20.1)         0.308
  Duodenal adenoma                        0               0                  NA
  Duodenal polyp                          0               4 (0.8)            0.589
  Duodenal ulcer                          1 (0.8)         4 (0.8)            1.000
  Duodenal erosion                        0               2 (0.4)            1.000
  Esophageal ulcer                        0               1 (0.2)            1.000
  Angiodysplasia                          1 (0.8)         0                  0.200
  Upper gastrointestinal lesions, total   38 (29.7)       121 (23.6)         0.156

Values are presented as number (%). Matching variables in case-control were age, smoking status, family history of colorectal cancer, and use of nonsteroidal anti-inflammatory drugs.

IDA, iron deficiency anemia; NA, not available.

###### 

Lower gastrointestinal lesions according to presence of iron deficiency anemia

  Variable                       IDA (n = 128)   No IDA (n = 512)   *p* value
  ------------------------------ --------------- ------------------ -----------
  Advanced CRN                   4 (3.1)         5 (1.0)            0.084
  Advanced adenoma               3 (2.3)         5 (1.0)            0.202
   High-grade dysplasia          0               0                  NA
   TVA or VA                     1 (0.8)         0                  0.045
   Size ≥ 10 mm                  3 (2.3)         5 (1.0)            0.202
  3 or more adenomas             1 (0.8)         4 (0.8)            1.000
  High-risk adenoma              3 (2.3)         9 (1.8)            0.714
  Cancer                         1 (0.8)         0                  0.045
  Non-advanced adenoma           12 (9.4)        62 (12.1)          0.387
  Overall CRN                    16 (12.5)       67 (13.1)          0.860
  Inflammatory bowel disease     3 (2.3)         2 (0.4)            0.025
   Ulcerative colitis            1 (0.8)         2 (0.4)            0.489
   Crohn's disease               2 (1.6)         0                  0.005
  Lower GI lesions, total        18 (14.1)       69 (13.5)          0.863
  Significant lower GI lesions   7 (5.5)         7 (1.4)            0.011

Values are presented as number (%). Significant lower GI findings included advanced CRN and inflammatory bowel disease.

Matching variables in case-control were age, smoking status, family history of colorectal cancer, and use of nonsteroidal anti-inflammatory drugs.

IDA, iron deficiency anemia; CRN, colorectal neoplasia; NA, not available; TVA, tubulovillous adenoma; VA, villous adenoma; GI, gastrointestinal.
